The environment of [2Fe-2S] clusters in ferredoxins: the role of residue 45 probed by site-directed mutagenesis.
The biochemical and biophysical properties of the Ala45Ser mutant of the [2Fe-2S] ferredoxin from vegetative cells of the cyanobacterium Anabaena sp. 7120 are described. This novel protein, which incorporates the residue present in many higher plant ferredoxins into the analogous position of a typical cyanobacterial ferredoxin, was prepared to probe the origin of the characteristic spectrochemical and functional differences between the ferredoxins from these two sources. The variant protein was produced by site-directed mutagenesis and was expressed as the holoprotein in Escherichia coli. Although the UV-vis spectrum of the Ala45Ser mutant was indistinguishable from that of the wild-type (WT) protein, the circular dichroism (CD) spectrum of the mutant was distinct and similar in appearance to that of spinach ferredoxin, which possesses a Ser residue at the analogous position. The values of the principal g factors of the EPR spectrum of the dithionite-reduced mutant protein differed from those of the WT spectrum and resembled those of plant ferredoxins containing serine at position 45. Analysis of the mutant EPR spectrum according to the method of Blumberg indicated greater covalent interactions between the localized ferrous site of the cluster and the protein matrix relative to the WT protein. The resonance Raman spectrum of Ala45Ser Anabaena ferredoxin was distinct from the spectrum of the WT protein and showed exceptional similarity to the spectrum of higher plant ferredoxins, such as spinach ferredoxin. The mutant protein spectrum displayed considerably greater deuterium dependent isotope shifts for bands ascribed to terminal Fe-S stretching modes than did the WT spectrum.(ABSTRACT TRUNCATED AT 250 WORDS)